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-M<^mmmi,z. -tee ( i ) x-m^ti 




(1) 



ajtOTU— ;l-S^^L. ArihArs, Ar 

sbAniiXWA 1-5 1 Aretite-^tTV^^flilJE^i: 

im^m2 ] -jK^ ( 1 ) Tm^fiiit-^^^^-t 
[11^113 ] -m^ ( 1 ) Tm^ti^it-^i^^^ 

m^r^^m^. 1 -4co\,^-mMzmmco^mm^^ 

[0001] 

izm^^. 

[0002] 

aEL«^) :*^ffl||$tL/^c CAppl. Phys. Lett., 51 . 

913 (1987) ] « myt'mm^t-^m 
^^t^mm^. mmtmmmi^z^^titimm^^L. 

tmmi^zm'TtiXVsEii ^i^xix. nm^ 

comm^^'^^s^^mzmm^ti^mimm Lxmyt-t 
c^m.m.comsKx\ mti}^mx-h^. ^tzmmt^m 
if. i5^fe. s-fe) i^^7fe*^"Bit^-c*.&o -it^ia 

miy^m^m'^c^^mmm^ixxv^:^ , L>?)-L^r*-'^>. 
-flat. ^Stt. B^tttc^H,^ 



10 



20 



30 
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[0003] JEfLJiAlirallWt^fc LT . 4 , 4 ' - fx 
CN-7i::i;P-N- (3" rs 
b'7i-;^^fflV'>Sii:*^^^§^^Tl^S CJpn. 
J. Appl. Phys.,^. L269 (1988) „ L^^t^O-ft 

ii/i. iETLjiAiliSWWi; tT. Mx.«\ 2. 3, 5- 
h'JxC4' - (N, n--jyx.—}VTiy)yx.- 

}V') -A-y 3^—)Vi':^y 3^y. 2, 3, 
C4' -[ N, N-i^'(3" -^^;l^:7x-;l^TSy] 
y3:.—}v'] -A-y3L.—)Vi-^y3L.y. 3- C4' - 

(N, N-i/7j:-;Pr ) - 2 , S-f 

X C4" -[ N' -yx-;t/-N' - ( 3" ' -y-f/l^ 
yx— ;W) r^y] :7x— ;t^] -4-yx— /P^^yx 
yim\'-^^^hti^^m^tix\-^^ (#W¥1 0-12 5 

4 6s-^i>|g) . ^tii^^ify :^ymmwnr^yi\L^ 

[0004] 

m^(r)M ^tifz^mnMmtm=f-^m^^h ^ t x-h 

[0005] 

mm^^f.zmLxmxMmhtd^^. ^^w^^^m-^ 

iz^-yfz. -t^hib. ^WMlt. 

®-»ofl:ffirBit:. ( 1 ) xm^ti^it-^^^ 

^^y-ts:< h t l«-&*t-^il*ii'^=5r< h i.-Jii*3#tT 
©-flgj^ ( 1 ) X^^fih\Y.-^m^%-M'thmifi. iETL 

®-te»; ( 1 ) -cm^ixM^-mh^^-M-thmifi. mt 
mxt> h mmmmm^^mm^. 

iE®-©co V y^KMztmmmmmmmi-. \izm- 

[0006] 



40 ®— : 



50 
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(1) 



mmcorU-JUm^mt. S^>t^. AritAr2. Ar 
[0 0 07] 

[0 0 08] 

[^b3] 




mz^mmmmm^mm.Lx v-^t i v ) 

[0 0 0 9] ( 1 ) fcfc^-^T. An — Areii-e 30 

[00 10] Ari-'AreJi. L<{i. ^WM. h 

i±^Wm^tiX V i> J: V 6-26 

feO. iOff^ U<«. *BJi. i>t<{±. Sm*i:t 

-1 ooru-/i^KTmSi^*5^c{i^Si^§tLTv^Ti> 

J: V ^llM*S4 6-20 /-aitM* 

14 3 - 2 0 commm^^^WMTh 0 . ^ ^ t*? ^ l < 

y^n^i^S. fc-5)l^{i;M*ife6— 1 0OTy-;L-*T--^ 
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[00 11] An— AretCi^V^T. 

4-;'<f^;l^:7x-;l'S. 3 2-;< 
^;^:7x:::;I^a. 4-x^;l^:7x::i;l^S. 3-x^;P:7 
2-xf-;^:7x:::iyPK. 4-n-TntV^:7 
4 yTnb71^:7x— 2-^yTn 
bVl^^x— 4- n-7">;l^yx— 4--fy 
r^;^:7x:::;^S. 4 -sec -r^;P:7x:::;l^S. 2- 
sec -3?'f';^:7a:— 4 -tert-yf^/l^^? x— /I^ 

3- tert-7">;^yx— 2 -tert-y^;P37 

4 - n -^>'^;Py x^/l-K. 4-'^y^>^ 
^;l^:7x^;l^a. 2-:t-:5j-^>'^;l^y^j:— 4 -te 

rt-^yf^/l^yx— 4 - n -^^>^;^y'x^;^' 
K. 4- (2' -x^;l^:7>;l^) y^x^;^K. 4-n- 
x:^;!^^. 4 - n-^^^^;l/:7x^;l^S. 4 

- (2' -X^/l^^^i/;^) y^j:-;^^, 4-tert->i- 
^'^/i^y x^;l^K. 4 - n-7^>;^^x::^;l/S. 4-n 

- Kt>';1^:7x^;1^K. 4- n-T'b^xi^/i^o^x:::^;^' 

4 - S^^^n^y^;l^yx— 4-i^^^n^^^ 
;^yx:::i;l^K. 4 - (4' -^^^/l^i^i^^o^^i^;!^) :7 
x:::^;!^^. 4 - (4' -tert-y^;l^>^^ n^^>7^) 

[00 12] 2, 4->>'^^;^:7x::i;l^K. 2, 5 -'J 

?<i-juy.x.:^Am. 3, 4-'J^i-^iy x.^/iM. 3, 

5 X— 2, 6 -i^><^;^:7:^:rl;^- 
K. 2, 4->^x^;I^:7x::i;^a. 2, 3, B-bU^ 
^;l^y^x-;^a. 2, 3, 6-hU;^^;l^y^x-;^a. 
3,4, 5-M;.;<7^;l^yx-;l^S. 2, 6-'Jj^^/U 
y^x^;I^K. 2, yTotVl^y^x^/i^a. 2, 

6->^^-f y7'f^;t^:7x-;^S. 2, 4->^-tert-:r'f' 
;^:7x— 2, 5 -i^'-tert-yf^;]^:? j:-;^^, 

4, 6-i>^-tert-7'>;^-2-^^;I^:7:i:-;^^^ 5 
- tert- y^i-J]^- 2-^^)Vy:t. 4 - tert- y 

f^;l^-2, 6->^';^^;^:7x-;^*. 
[00 13] 4-^ b^i^:7x::i;^*. 

x:::^;^^. 2 b^i^y x::i;l^K. 4-xb^>^:7x 
— 3 -xf^i.'y^x— 2-xf^i^yx — 
4- n-To*r^5/:7x^;l^M. 3-n-To*^ 
^^-y^x^;!^^. 4->f yTn*.'^>':7x::i;U*. 2- 

yT^;^°^>^:7x^;l^S. 4 - n-^f^^-y^x— 

4->f yy>^>':7x— 2 -sec -:7>^i^ 
:7x::i;^K. 4-n-^>'^7^:t^^':7x:^;l^K. 4- 
^ y^yf^/i^i^^s^y'x^/i^S. 2-'<y^yf^;i^:^^ 

>':7xX;l^S, 4-^-:^^^>f^;P:t^i>y'x~;lS. 2 
-^-:t^>'^;l^:t^i^:7x^;l^K. 4-n-^^i^yl^^ 
^i^y^x-Zl^S. 2- (2' -x^;P7*^-?^;k) ::t^>^:7 
4-n-:t^^;^^^i^:7x— ;t^S. 4-n 

-7^V;l^^^>'yx^;i^a. 4- n- 
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[0 0 14] 2-;><f^;l'-4-;>< b^S^^x-;!^^. 2 

^>--4-;><^;l'yji-;l^a. 3 f^>'-4 -;><f^ 
;l/:7x:::;^a. 2, 4 b^i/:7x:::;l^S. 2, 5 

3, 4->^^;^ b^i^^x^/l^S. 3, 5-i^';^b^ 
S^:7x::z.;pa. 3, 5 -i^^x b^>':7x::i;I^S. 3, 5 
-S^-n-yh^i^:7x:::;^a. 2-;^b^i^-4-x 

3, 4, S-bU^b^^-r^x::!;^*. 
[0 0 1 5] 4-:7;^>fnyx^ybK. 3-:7;l^>fny^ 

x~;l^a. 2-7^;P:^o37x— 4-^nn:7xx 

;bK. 3-:^nn:7x:::i;bK. 2 -:^nny x^7bS. 
4-yo^y^x:::i/lK. 2 -yn^E y^x^i/bS. 2, 3 
-S/y;l^::tny^x— 2, 4 -i/y;^:tny 20 
2, 5->>'y^;^:to:7x^;l^K. 2, 6-3^'y;l^:t 

O y X x;i^X^ 3,4- i^^y A :t O y x x;bS ^ 3 , 5 
-i^^yb^tny'x— ;bS. 2, 3 -i^^^^nny x— ;b 

2, 4 -i^^^onyx— 2, 5-S^"^nn7 
x::i;^K. 3, 4 ->>^::?'uo >^x::i;l^K. 3, B-i^^i^ 
nn:7x— ;bS. 2, 5 x— ;bS. 2, 
4, 6 - b U^^uny^x-ZbS. 2-:7;b:tn-4 

3-:7;i^>j-n-2-;^^;^:7x— 3-:7;^^ 

n-4 -.Xf-;l^:7x-;bS. 2 -;><^;b-4 -y;b^n 30 
:7x:::i;l^S. 2-j^^;l^-5-y^;b^nyx:::i;lya. 3 
-p<f';^-4-:7;i^:5fa:7x— 2-^nn-4- 
;^f';l^:7x— 2 -^nn- 5-;^f';^:7x— /l^ 

2-:;^oo-6-;^^/byx::i;bK. 2-^^;b- 
3-i^nn:7x:::i;l/K. 2 -;^^;b-4 -^^nny x^ 
3-^'na-4-;><f^;^3?x— 3-p<f';^ 
-4-^'oo:7x::i;iy*. 2-:^'oo-4, 6-'J:<^ 
j]/y:^-.lUX^ 2 b^>'-4 - y^/bvfoy x:::i;b 

2-y^;P::tn-4-;>< b^>':7xx;pa. 2-:7;i^ 
>j-o-4-xb^5/:7x::i;^M. 2-:7;l-:to-6 -;>f 40 
h^iyy:^::^/^^^ 3-:77P>ro-4-Xb^^y xX 

3- ^^un-4-y b^>':7xx;i^S. 2-><b 
^i^- 5-^^nn:7xx;i^S. 3-p< b^^'-e-^^n 
o:7x::i;lyS. 5-^^00-2, 4->^^ b^^':?^:::! 

[0 0 1 6] 4-:7xx;|y:7x— ;bS. 3-y.x.:=~}py 
x^yl^a. 2-:7x^;l^:7x::i;lyM. 4- (4' -^^ 
;P37x— :7x— 4 - (3' -j^^^/l-^^x — 
:7xx;ps, 4- (4' -xf-;i^y x— ;b) :7x — 

4- (4' ->f yTnbVIyyx::!;^) :7x:::iyl^ 50 
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4- (4' -tert-yf^;l^y xx;ly) ^^xX/l^^, 

4- (4' -n-^^^'/P:7x^;l^) yx:^;l^K. 4- 

(4' -n-:t:^^;by^x::i7b) y 4- 
(4' -n- bv'V/l^y X— /l-) :7x— yl-S. 3- 

(4' -^^;P:7x:i;l^) :7x^;l^a. 2- (4' 
^;l^:7x::i;ly) :7x^;l^a. 2- (4' -:c^^\^y x.::^ 

}V) ^x— ;bS. 4- (4' b^^-y X— ;b) y 

x;PS. 4 - (3' b^i^37xx;ly) ^xX/i^S. 

4- (4' -xb^^-r^x::::;!^) :7x^;^K. 4- 
(4' _n-3?'b^S^:7xX;l^) 3?xX;l^S, 4- 
(4' -n-^^>^;l^:t^>':7xx;p) :7xX;PS, 4 

- (4' - n->r::^^;iy>j-^i/:7x:::i;P) :7x::i;iya. 

4 - (4' -n-xi^;l^:5j"^>^3? j:x;ly) :7xX;lyS^ 

3- (4' b^^-y^xxyp) y^xX;PS. 2- 
(4' b^i^r^x^^b) :7x::i;b*. 2 - (2' - 

^ b^i^:7x::::;b) :7x— ;bX. 4 - (4' -y^;b:tn 
3?xx;b) :7xx;bS^ 4- (4' -^nn3?xx;b) 
y^x^/bS. 4 - (3' -:77b:to:7xri;b) yxri;b 
4- (2' -y;b:to:7x^;b) yxX.;bS. 2- 
(4' -y^;b:tn:7x-;b) yx-;bS. 3-;^^;b- 

4- :7x::i;byx::i;bK. 4-;>f^;b-3-:7x::i;b:7 
xX;bK^ 4-;^^;b-2-yxX;byxX;bX^ 5- 
;^-^;b-2 -yxx/l^y'xxyps^ 6-;^^;b-3-y^ 
xx;lyyxx;l^S^ 2 -xf^;b-4 - y^xx;^yyxx;^' 
K^ 4-x^;b-2-:7x:i;b:7x::i;bK. 2-;>fb^ 
>'-4-:7xx;l. :7xx;PS. 3 b^i-^- 4 - y x 
ri;pyx— ;ba. 4-;>< b^i-^- 2 -y xx;l^yxx;|y 

4-y;b>j-n-2-yx::i;byx^7bK. 3-y;b 
::tn-4-yxx;i^y xx/i^^, 3-y)Vyi'U-2-y 
xx;l^yxx;^s, 5 -y;b::tn- 2 -y xx;l^y xX 
/bS. 2, 4-i>^yxX;byxX;bK, 2-yxX;b- 
4- (4' _p<^;i^37^-;i^) yxX;bS. 3, 4-S^' 
yxx;i^y xX/i^S, 3, 5 -i^^y xx;i^y xX/i^S, 
[00 17] i-^y^;bK. 2-i-y^)vm. 2-^ 
^;b-l-^y^;bK. 4 -^^;b- 1 -^y^/b*. 
4-xf^;b- 1 --^yf^;b*. 4 - n-y'f^;b- l 
y^;b^. 4-n->N.^5/;b- 1 -^y^;b^. 4-n 
-x>-;b- 1 — ^y^;bX. 5 -^^;b- 1 -^y 

1 - ;'<^;b-2-^y^;bS. 6-;><^;b-2-':^ 
y^/b*. 6-X^;b-2-^y^7b*. 
;b-2-^y^;b*. 6-n->r:;^^;b-2 -^y^;b 

2- ;>< b^S^- 1 --?^yf^;bS. 4-;><b^>^-l 
— ^y^;bS. 4-n-yb^>'-i— ^y^;bS. 5 
-xb^^>- 1 -^y^/bK. 6-;^ b^s>-2-^y 
^;bS. 6-xb^i^-2--by^;bS. 6-n-y"b 

^^-2--^y^;bS. b-n-^^i^)V:^^i^-2- 
^y^7b*. 7-^ b^>'-2-^y^;bft. 7-n- 

y'>^>'-2— ^y~?^;bS. 4-y xx;b- 1 -^y^ 

;bS. 6-yxx;i.-2-^y^;bS. 4-y;b::tn- 
l-^y^;ba. 2-y;b:tn- 1 -^y^;ba. 4- 
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^^nn- 1 

a. 6-i^nn-2— ^:7^;^K. 6-:7''n^-2-^ 
2, 4 ->^^::?^no- 1 -^:7^;l^a, 1, 6 

[0 0 18] i-rybuy^a. 9 
-ryhU}]^m. 6-^^;p-2-r>'bU;i^*. 6- 

tert-y^;^-2-ryhU;l-S. l 0-;<^;l^-9- 
rybU/kS. 1 o-x^;i^-9-Ty hU;PS. lo 

-TybU;i^S. 6-y^j:-;i^-2-Tyhy;^a. 1 10 

0- :7x^;l^-9-TyhU;l^S. 10- (4' 

[0019] 1 y;i^a. 2-37x^>'by 

3-^^;l/- 1 b 5 - xf-zi. - i - 

y^j:^>^bU;i^K. 6-tert-y>;l^- 1 -:7xi->'b 
U;l^S. 6-;<^;^-2-y^x^yhU;^*. l-;?<^ 

hU^i^X. 2-^^;l^-9-:7:n-^vb 2 -x 

^;i^-9-yj:'?-yh'J;i^^. 3-^i-^v-9-y j^i- 20 

6-;^^;i^-9-:7x-^>^b y;l^K. l0-;^^;^-9 
-y^x^ybUAS. 2, 3-i^^;><^;P-9-yx-?-y 
fU;i^*. 3, 6-s/;><^;p-9-y^x^yfU;i^». 

1- ^ b^i/-9-:7x^ybU;^K. 2-^b=3ri/- 
9-:7x^y b 3-.:^ 9-y .x.i-yh 
y;L-*. 1 0-;^ b^i^-9-:7:n^y 3- 
^ b^>^-7-^^;iy-9-:7^^>^b 3-y 
X— 1 -:7x-^y b U;i^S. 6-:7x— i 
x^ybU;l^S. 2- (4' -;^^;L-y x^;P) -9- 30 
:7x^>'b U/i^^. 3-:7x::l;^'-9-:7x:^y b U/P 
a. 1 -^nn-9-:7x"^>'by;P'S. 3-y)V:^u 
-9-:7x-^>'b y/l^a. 7-^nu-9-:7x-^yh 

[0 0 2 0] 2-:7;i^>j-l^-;^^^ 9-^^;l^-2-:7 
9 -J^^)V- 2-y }V:^\y^)Vm^ 9- 
>f yTobV^-2-:7;^:tl/^;I^K. 9-n-:t:^'^;I^ 
-2-y;iyvriyri/^K. 9, 9-iy:<^)V-2-y)V:^ 
I^-;^^, 9, 9-'Jj:^i-)V-2-y)V:^V:=~}Vm^ 
9, 9->^-n-Tob7l^-2-y^;Iy>n^^7l^K. 9. 40 
9->^'-n-:r^^;^-2-y;l^:tl^^7l^*. 9. 9--J 
-n-^^i^)V-2-y)V:^]y:^)VM. 7-:A^)V- 
9, 9->^X^;l^-2-y;l^:^U'-;l^S. 7-tert-7-^ 
^;Iy-9, 9->^'^^;^-2-:7;P:tlx'::i;l^K. 9->^ 
X— 2 -:7 71^:^1^ —/l^S. 7-y'x— ;Iy-9, 9- 

S^";^f^;l^-2-:7;i^:tlx-;lyS. 7- (4' -.y<^)Vy 
x::i;^) - 9, 9-S^^^f-;^-2-:7;l^>rixri;^a, 7 
- ( 4 ' -tert- >^^'^;ly:7 x -/l^ ) - 9 , 9 - i^^;^ -?^;ly 
-2-:7;l.^U 7-xh^>'-9, 9-'Jy^f- 
)V-2-y)V^\y:::^)Vm. 7-^^nn-9. 9-^^^ 50 
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}V-2-y}V:^V::^}Vm^ 9, 9 - 'Jy ji.::^}V- 2-y 
9-:7x::i;l^-9-;^^;l^-2-y^;^:t 
l^ri/L.^^ 9^(4' -y^^)Vy -9-n-^ 
^i^}V-2-y}V:^V:=:^)Vm^ 

[002 1 ] 4-^y y;^s. 2-uui/V^s. s-u 
Ui^vi^a. 4-uy>>vi^a. 2-x^;^-4-uy 

4-y^xX;l^-2 -b°y i^Vl^S. 2-yx— 71^-4 

-bUS^Vl^S. 2-yU;l'S. 3-:7U;l^S. 2-^x 
3-^x-;i^a^ 2-^ry^y;^a. 2-^y 
Y:^^^Y'))vm. 2-^yvi-TY'j)vm. 2-^y 

[0022] —mA ( 1 ) ^m^Khit-^m^zi5^.^x . 

Arii:Ar2. A r 3 i: A r 4^ J:ti^^A r 5 >: A 

LX^^Xhi:<. tJt.h<\i. -NAriAr2. -NA 
r3Ar4fcj:tJ^-NAr5Ar6{J:. WMt.fzl±^WMCO 

<Y U lum . t fz I i*aM^ - N - :7 

X y ^^f>^^^-f 71^*. s \. mmw.tfz\iMWim - n 

-yxy^T>^~-f;t-*^?FMLTi^Tt> j:<. Sf^L 
yiE^ . 1 — 10 ^?)r;iy^7i^K. 1 — 1 

^-y j^Ji-T'J-A }Vm:^h^ . J: DifS L<{i:. * 
Hit. i>L<{i. mmmhLX. M^a\ ^^^yyJS 
^«ifcl-4or;iy^/ly«. mMm.l--A(7:,r)Va 

^i^m. hh\ ^i±mmm e - 1 o c^r u -)vmx^^mm 

-N-y x.J^^iy::^'^ )Vm. hh\m-n-y :l. 
y^TS^'^-f;l^ST-fcD. ^^^zUtL<l±. ^Wm<^ 

z^-^jvm. hh\^t^WM<^-'^-y :t.y^r-Jz2.-^ )V 

[0023] -NAriAr2. - N A r 3 A r 4 So it^- 

W^myLXli. mtli. -N-;^?./WSV)M;I.K. 2- 

N - U -f 3 - N - 

^svy-f;t^K. 4-^^;^-N-;?:?;WSVy -^yl^K. 3 
-n-y>;ly-N-^;ly^sV^y-^;Iy^. 3- 
)V-'^-A)V^ "^V y < . 3-n-:t^'^;l^-N-;^? 
SV y 3 - n - 7^>;ly - N - ;ly^ SV" y -f /l^ 

3, 6-y^^;^-N-;^?;lyySVy-^;IyK. 2-y< 
b^i^-N-^/l^ysvy-f 3-y b^i^-N-:^ 
;l^ysV y ^ )Vm. 3 -x h^i^- N -A)VJ^V^JA)V 

3--f yro4^^3>-N-;^?;IyysVy-^^;iyS. 3- 
n-y>^i^-N-:?&;IyyNVy^;^S. 3-n-yi'^^ 
71. :t^y - N-;^;WSVy 3 - n - 

3> - N - ; W S'y^ y >f /l^a . 3 - y x - N - ; W 
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V'V4)Vm^ 3- (4' -^i'JUyx.—JV) -N-;^;^ 
^^VU-^;^a. 3- (4" -tert-r/^^P^x-yp) - 
s'V y -f /vm . 3 - ^ n a - N - ; W-nV >f 

[0024] *fgHj(c-f^^-^5^ ( 1 ) T-^S^iS^l:-^ 
V^. 10 

1. 2, 3, 4-bUXC4' - (N, N-i/yji:- 

2. 2, 3. 4-byx C4' -( N-:7x^/l--N 

- (4" rsy] -5- 

3. 2, 3, C4' -( N-y^x::i;^-N 

- (3" -^f~y^:7x-;i^) rsy] y^x^yl/] -5- 

4. 2, 3. 4-bUX C4' -[ N-:7x::i;^-N 

- (4" -a:^;l^:7xri;i^) rS^] -5- 

5. 2,3,4-h'JX[4'-[ N-yj,zz.jp-N 

- (4" -tert-:7>;^:7x:::i;l^) TS^] y^^::!;!^] 

6. 2, 3, 4-h'JXC4' -[ N-(3" 
;l^:7x::i/I^) -N- ( 4"' -^^7^:7x:::i;U) rsy] 

7. 2, 3, 4-hUXC4' -[N-(2" 30 
;^y^x:::i;P) -N- (4"'->^^'o^^i^;l^yx:::i/l^) 

TSy] :7x— -5-:7x— ;Pf-::t:7j:>' 

8. 2, 3, 4-hUX C4' -[ N, N-i/ (4" 

^:t:7xy 

9. 2, 3, 4-hyxC4' -[ N, N-zy (3" 
-;>f^7^:7x::i;^) TSy] v^x^^/l^] -5-:7xri;I^ 

10. 2, 3, 4-hUXC4' -[ N, N-S^" 

(4" -x^;l^>^x::i;^) TSy] :7x::i;l^] -5-:? 40 
xri7^^:t:7x>' 

[0025] 11. 2, 3, 4-bU;^C4' -[ 
N, N->^ (4" -tert-:7'^;l^:7x-;l^) TSy] 
x:::!;!^] - 5-7^x::i;l-^>j-:7xy 

12. 2, 3, 4-bUXC4' -[ N-yx-;P- 

N- (2" , 4" -y;^f^;P:7x-;l^) TSy] :7x- 

- 5-:7j:ri;I^^:t:7xy 

13. 2,3,4-bUXC4'-[ N-:7x-;l^- 

N- (3" , 4" ->^><^;p:7x-;i^) r5y] y^x- 

- 5-yx::i;l^^>r:7x>' 50 
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14. 2, 3, 4-hUX[4' -[ N, N-i^^ 

(3" , 5" ->>^^^;l^:7x::i;l^) rsy] :7x::i;^] 

- 5 y X — X y 

15. 2 , 3-fX C4' - (N, N->>:7x-;l'T 
Sy) :7x:::i;P] -4- C4" -[ N' , N' 

(3" ' -j^^/Uyx.:::^/]^) TSy] :7x::i;l^] -5- 

16. 2 , 3-tX C4' -[ N, N-i^^ {3" ' - 
^ ^71^:7 x::::;!^) T S y]:7x::::;^] -4- C4" -[ 

N' , N' -i/(4" " -;><f';^3?x-;P') T5y] y 

x::^;L-] - 5-y^x^;l^^::t'7xy 

17. 2. 3-t"X [4' -[ N-yx^;i^-N- 

(4" ' -;><^;t^:7x-;l') TSy] :7x-;^] -4- 
C4" -[ N' , N' ->^'(3" " -yf^;^3?x-;^) 
rsy] y x:::!;!^] - 5-yx::i;i^^:tyxy 

18. 2, 4-ex [4' -[ N-yx-;i^-N- 
(3" ' -;><^;l^:7j:-;^) rSy] ^^^i,-;!^] -3- 

C4" - (N' , N' -i^':7x^;l^rsy ) :7x::i7^] 

- 5 - :7 X y X y 

19. 2 , 4-t:X C4' -[ N-yx-;l^-N- 
(3" ' -x^;l^:7x::i;^) TSy] :7x::i;ly] -3- 

C4" -[ N' -yx::i;P^-N' - (4" " -:<i~Ay 
TSy ]yx— - 5 -yx— /i^^^ty xy 

2 0. 3 , 4-t^ C4' - (N, N-yyx^;l^T 
Sy) yx::i;^] - 2- C4" -[ N' -yx::i;ly- 
N' - (3" ' -y^;i-yx-;i^) rsy] yx-;^] 

- 5 - y X -jpi-:ty X y 

[0026] 2 1. 3, 4-exC4' -[N, N- 

(4" ' -y^;i^yx-;^) T5y]yx-;^] -2 

- C4" - (N, N-yyx-;^T5y) yx-zl^] - 
5-yx^;iy^:tyxy 

22. 2- C4' - (N, N-s^yx-zi^TSy ) y 

x-;^] -3- C4" -[ N-yx-;^-N- (4" " 
-x^;^yx:::i;I^) TSy] yx-7l^] -4- C4" ' 
-[ N' -yx^7l^-N' - (3" " ' -y^yl^yx- 
ju) TSy] yx— -5-yx— 37xy 

23. 2.3,4-byxC4'-[ N-yx::i;l^- 

N- (4" -yh^yyx-;^) rsy] yx-;iy] - 
5-yx— ;t^f^:tyxy 

24. 2. 3. 4-byxC4' -[ N-yx::i;l^- 

N- (3" -y b^i^yx^7i^) rsy] yxri/i^] - 
5-yx~;^^::tyxy 

25. 2,3,4-hUy:C4'-[ N-yx^;l^- 
N- (4" -n-yh^v-yx^i/^) rsy] yx:::i 

- 5-y X— ;P'^:tyxy 

26. 2, 3, 4-h'jyC4' -(N-(3"-y 

^;^yx^;I^) -N- (4" ' - n-^^iyJU:t^>'y 

X— ;k) rsy] yx— - 5 -yx— ;k^:ty xy 

27. 2, 3, 4-b'JyC4' -(N-(3"-y 

b^yyx^;^) -n- (4" ' -yb^yyx^;^) 
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28. 2, 3, 4-bUXC4' -[ N. N-^ 
(4" TS^] y^x^;!^] -5- 

29. 2, 3, 4-M;xC4' -[ N, 

(3" -^b^S^y^x:::!;!^) TSy] -5- 

30. 2, 3, C4' -[ N-yj:-;!.'- 

N- (3" , 4" b^i^:7x^;i^) rsy] y^. 

[0027] 31. 2, 3, 4-bUXC4' -[ 
3 2. 2 , 3 - fx C 4 ' - [ N , N ( 3 " ' - 

rsy]:7x::i;l^] -4- C4" -[ 
N' , N' (4" " -y b^>':7x-;i^) rsy] 

33. 2, 4-\z:X C4' -[ N-y^x:i7l^-N- 

(3" ' -xb^i^:?^^;^^) rsy) :7x-;i^] -3 
- C4" -[ N' -:7x-;b-N' - (3" " 20 

34. 3, 4-b"X C4' - (N, N->^yj^-;^T 

sy) yj:-;i^] -2- C4" -[ N' -y^x-;!^- 
N' - (3" ' -x^;^-5" ' -j>f b^i^y^::!;!^) 

35. 2, 3, 4-bUX C4' -[ N-y^:-;!^- 
N- (4" -y7l^:to:7j:-7L.) TS^] ^x^;^] - 
5-:7x— ;l^^:5j-:7x>' 

36. 2,3,4-bUXC4'-[N,N->>" 30 
(3" -y;l-^o:7^-;i^) rsy] yx::^;^^] -5- 

37. 2, 3, 4-bUXC4' -[ N, N->>' 
(3" -y;b:to-2" -y^;lxy:r.-7P) rsy] y 

x^;l^] - 5-y x^yl^^it^xy 

38. 2, 3-b"XC4' - (N, N-i/:7x-;I^T 

Sy) yxri;l^] -4- C4" -[ N' -:7x::i;^- 
N' - (3" ' -y;l^:tny x::i;^) rsy] :7x::i 

3 9. 2, 4-t'X C4' -[ N, N-i/ (4" ' - 40 

y b^s^yx^;^) rsy] yx::i;l^] -3- C4" - 
[ N' , N' ( 3" " -y;l^:5j-ny^x— T5 
y] y X— - 5-yx— ;i^^::t3?x>' 
40. 2, 4-t'x C4' -[ N-yx^yl^-N- 
(4" ' -y-f./byx-;p) rsy] yx-;b] -3- 
C4" -( N' -yj:-;i^-N' - (3" " -i^xjuy 
x^/b) rsy] yxri;b] -5-yx^/b^>ryx>^ 

[0028]41. 3, 4-fc:'XC4' - (N, N- 

i^y x.:=~;UTiy) yx-;b] -2- C4" -( N' - 
yx.::^^]^-N' - (4" ' - y;b:tny x::^;b) r5 50 
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y] - 5 - y x^;bf^::t y x >- 

42. 2.3,4-byxC4'-[ N-yx::i;b- 
N- (4" -yxri;byx::iyb) rsy] yx::i;b] - 
5-yx— ;bf^:^yxy 

43. 2. 3. 4-byxC4' -[N. N-S^^ 
(4" -yx:::i;byx::i;b) rsy] yx::i;b] -5- 

y X— ;b^:tyxy 

44. 2, 4-tX C4' -[ N, N->>' (4" ' - 
^^;byx:::;b) T S y]y x::::;b] -3 - C4" - 
[N' -:7x-;b-N' - (4" " -:7x-;byx- 

;b) T5y]yx-;b] - 5 -y x~;b^:ty xV 

4 5. 3, 4 -ex [4' -[ N, N-i^^ (3" ' - 

37x^;byx— ;b) T5y] yx-;b] -2- C4" - 
(N' , N' ->>yx~;bT5y) yx-;b] -5-y 

x::i;bf~>j-y xV 

46. 2.3.4-byxC4'-[ N-yx^;b- 

N- ( 1" -i-yi-j}^) T^y] yx-;b] -5-yx 

^yb^^ty xy- 

4 7. 2 , 3, 4 - buy C4 ' -( N-yx::iyb- 

N- (2" -^y^;b) TSy] yx-;b] -5-yx 
^;b^:ty xy 

48. 2, 3, 4-byyC4' -( N. N-zy 

( 1" -^yf^;b) TSy]yx-;b] -5-yx-;b 
f^:^ryxy 

49. 2, 3-ex C4' -[ N-yx::i;b-N- 

( 1" ' -^y^;b) T5y] yx-;b] - 4- C4" 
- (N' , N' ->>yx-;bTSy) yx-;b] -5- 
y x^yb^vj-yxy 

5 0. 3 , 4-^^^ C4' -[ N, N->>^ ( 1" ' - 

^y^;b) TSy] yx::i;b] -2- C4" - (n' , 
N' ->^yx:::i;brsy ) yx^;b] -5-yx— ;b^ 
yxy 

[0029] 5 1. 3, 4-\lX C4' -[ N, N- 

i^^(2"' -i-y^;b) rsy] yx^/b] -2- 
C4" - (N' , N' -S>yx::i;brsy ) yx^;b] 
-5-yx — ;bf'::t y X y 

52. 2.3,4-byxC4'-[ N-yx::i;b- 
N- (9" -rybU;b) rsy] yx:z.;b] -5-y 
j: ^/i^^::^ y X y 

5 3. 3, 4-b''X C4' -[ N- (3" ' -J>f^;b 
:7x:::i;b) -N- (9" " -T> h[)A) TSy] yx 
-;b] - 2-C4"-(N',N' ->^yx— ;bT5 
y) 37x— ;b] - 5-y x~;b^:tyxy 
54. 2. 3, 4-bUXC4' -[ N-yx::i;b- 

N- (9" -yx^ybU/b) rsy] yx-;b] -5 

-yj:.-;\^i-:tyj^y 

5 5. 3 , 4 - b'X C 4 ' - [ N , N ( 9 " ' - 

yx-^ybU^b) TSy] yx-;b] -2- C4" - 
(N' , N' -i^yx-;bT5y) yx-;b] -5-y 

x:::i;b^^yxy 
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5 6. 3, [4' -[ N- (4" ' 

-N- (9" " -y :ci'yh U /U) rsy] 
- 2-C4"-(N',N' -iJy :t.:::^)\^r 

57. 2, 3, 4-M;x C4' -[ N-:7x:::i;^- 
N- (9" , 9" ->^^^^;P-2" -y^;^:tl^:^;^) r 

5 8. 3 , 4 - fx C 4 ' - [ N , N ( 9 ' " , 
9"'->-'^^;^-2'"-:7;^>ri/ri;l^) TS^] 

-2- C4" - (N' , N' -i;^y^j:-;^T5 10 

y) - 5 -y j:::^;^^.^^ x y 

5 9. 3, 4-t'X C4' -[ N-yx^7l^-N- 
(9" ' , 9" ' -S^^y'?^;^-2" ' -yjl^:^^-)^) 

TSy] yx^.;lO -2- C4" -[N' -yj,-ji.- 
N' - ( 1" " -^y^;I/) r$y] yx::iyl/] -5- 

60. 2, 3, 4-bUX C4' -[ N-y^j:-;^- 

N- (2" -^yy^ry'y;^) rsy] yx::i7^: - 
5-y x^7^f->ryxy 

[0030] 61. 2,3,4-hU;^C4'-[N 20 
-yx::i;l^-N- (2" -^xriyp) TSy] yx::i 

6 2. 3, 4-fX C4' - (N, N->^yj:-;^T 

£y) yx^;i^] -2- C4" -[ n' -y^-;!^- 
N' - (4" ' -eUi^Vl^) rsy]yx:::i;l^] -5- 

T^jn— ;p^:ty X y 

63. 2, 3, C4' - (N-yjiy^^f 
>>"ri--f;^) yji-j]^:\ -b-y x,::^}V^^y 

64. 2, 3, 4-bUX C4' - (N-;?5f;^ysVU 

>f;i^) yj:— - 5 -y /i^^^ty ^y 30 

65. 2, 3-t'XC4' - {n-y jL.J^T'J:^'^ 
)V) yx-;l^] -4- C4" -[ N' -:7j:-;^-n' 

- ( 1" ' -i-y^)V) TSy] yx-;i^] -5-yj: 
— /i/'^^ty xy 

6 6. 3, 4-b'X C4' - (N. N -i>y x:::i;l^r 

5y) yx-;^] -2- C4" - (n' 
)\,) y:L.:z.)V'} - 5-yx::i;l-^>ryxy 

67. 3, 4-t'yC4' - CN-yx^/l^-N- 

( 1" ' --^y^;p) TSy ] yx-;^] -2 - C4" 

- (N' yx::i;l^] -5-yx::i;^ 40 

^:tyxy 

68. 3, 4-t"XC4' - (N-^;WsyU-f;l^) 
yx-;^-] -2- C4" -[ N' -y:i:-;i^-N' - 

(3" ' -^^;l^yx::i;l^) yx::i;L^r5y] y x.::^ 

-3-y j:.—)V^ty j^^y 
[00 3 1 ] ^^wmi^-m^ ( 1 ) ^m^tihit-^ 

-r^S:^^. ^J;i(f . ( 2 ) T-'^^sh.S^b^fc. 

-m^ ( 3 ) — ( 8 ) T-^^ixi^ft^if^^. imt 
mtif. ±mm. mm) o#^£ttsje {^jv 50 
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[0032] 
[^b4] 



H2N 




(2) 



Ar|-X^ (3) 
Arj— (4) 
Afj-Xj (5) 

Ar4-X4 C®) 
Ats-Xs (7> 

Ar,-X, (8) 

C±xt4i. Xi — X6(±^^^^^>IS^^^U. An—Are 

a-ffixt ( 1 ) hn^mm^m.'t^ 
[0033] t.tz. mm. -mi ( 9 ) xm^tihit 

. -feC (10) ®^ (12) r^s^xs^L 

^if%^. mit^"^^ (M/Jf. JSfbffl) c^^ftT 

[0034] 

[^bs] 



1 5 




(9) 



Ar 



N-H 



(10) 



Ar, 



N-H 



(10 
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^i\L-^mt . -m^ (10) x-m^ti^it-^^in. axxf 
-m^ (11) x-m^fLhit-^^^ . mt-^^ mt 

^^tz^k. -vum^mjtL. (16) -cm^ti 
ut-^t Lfzik. -fee ( 7 ) Tm^tihit-^m. is 
xx/-m: (8) x-m^ti^it-^mt:. mit^ mt 

[0038] 
10 [-ft 7] 

NO2 



(15) 




Ar, 



N-H 



(12) 



Ar. 



6{i-;^ii; ( 1 ) tmtmmim-r'j 

[ 0 0 3 5 ] t fc, M;t{±\ -tee (13) x-m^tih 

^t-^mt. -m^ (10) -c-^six^-ft-^tr^^, m^t-^ 
m mm. ^min. ismm to^ffiTmE (^^i-v 

>'RJ6) $-ti-^cf^, -hna^jlTuL. (14) 

(8) Tm^fi^^t-^m^ . mm. ±m 

[0036] 

NO2 NO2 

(13) 




20 



30 




(16) 



-Ar4{i-^ie ( 1 ) tmtMMim-t^ 
[0039] $ ^^z. mm. -m^ (17) xm^ix 
h^t^mt . (10) xm^tihit^m. tixt/ 
-m^ (12) xm^ix^^t-^m^:. m^t-^m mi 

^■^fzm. -bo^trMTct. -^ift (18) xm^ti 

j;y^-«5e ( 6 ) xm^it:i>^\:-^m^. mit-^ mt 

[0040] 
[^t8] 



40 




(14) 



[0037] $ ^> ^Jitf . -tet (15) xm^tl 50 
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(17) 



(IB) 



ru Ar2. AniSXlfAreii—m^ ( 1 ) tmtMm^ 

[0042] ^rsm^^7K«^{i. a;^. -M^^mffira 
fi5l^o#ssg^^;^^#l:L. msicjtEtT. max 

<r>m\t . -Mil ji-C'fc -5 T i ^mmmx'h '>xi>x<. 

izi3\^x. mxmMi^m^^mtmmmm^^^^mi 
izmnxmrn-t^ ^thx-^^. 

[0043] *^BJ^C?)*ffim^^3fc«^tC*3V^T. -® 

y^fzim^ss^mzmu^ ^ t >owft t < . miiAfi 

i±. m^TmmLxi>i<. $>h\,^i±mmimLX'L2: 

[0044] :^%m<^^mm^mm^cr,mmt lx 

it. mizmj^-t^i^c7)Tim<. mm. (a) mmx 
jEiimxmmmy?t^y'mi'i^mmmxmm^m=F 
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mi) . ( B ) mm/'AEiu^xmmmymytm/'mm 
mm^ (02 ) , ( c ) mmy^^xm^mjumm 
/mmim=F ms) . ( d ) ^my^-^mxmmmm 

^ (04) =5:i:'^W-i.^t3&i-C-^S„ §<i>t{±, 
Jf ^«^^^±A^liiST•fi^^ii^^fM^7)S^T■^>-l. ( E ) 

mmxjE7i^mmmxm=¥-Y^xmmmy^^xm=?- 
&xwimmxmmm.m^ m^) t^^B^ti^x-^^. 
( D ) m(om^mm.t Lxi±. ^ms.^^-mmmT- 
n<^m&mizm^$'tfzmc^m'Tii^mx'hi>tii. 

x/m^i3ixmm0ii»iWf^^^rz-mmmx—M<7)mm 
m^zim § ■tfzmcomi' me) . ( g ) snutxmm 
^^t5 J; r/mi^-^iM-^-^-^^-mmmx—Mcomm 
mi^zwrn^ ^fzmc^mi^ mv) . ( h ) ^ym.jfti x 
um^i^xmmi^'^i:&i>^^fz-mmmx—M<7:)mm 
miztm^^fzm<^m=F ma) t^hh. 
[0045] ^^wMco^m^mymi'it. zti^com 
Tmiiiizm^^<r)'cu^x< . ^ti^-ticnm(r)m^iz}5\^ 
X. lEiu^xmmm. ^ytm. m^^^xmrnm^mmm 

izti^^x. sEn&xmmmt^±mt<7)mi,z. ma a 

"^iixmmm t c^m^z . ^ym.jf t m^mxmmi^-^co 
M-^m^rmif^zti^x-n^. j; 'oMtL^-^^mmw^ 
im^i^mmi. (A)mm^. (B)mm^. (e) 
mm-i^. i F ) mm^tfzit ( g ) mm^x-h 'o. 
izm L<i±. ( A ) mm^. ( B ) mm^t.tzi± 
(G) mm=FX'hh, 

[0046] ^mMco^m^^ym^t Lxi±. mx. 

30 (HI ) izfjk^ (A) mmxiEiuixmmmx^ 
mxmTmxmmm/'mmmmi'iz-i^^xim-ti . 
mi) t:zt3\-^x. mmm. 2i,±mm. stimaA 
mmm. 4{i^3M. 5i±«-?aAM5iui. eamm. 

[0047] ^mn<7)^m^^^mTii. m& i ^z^ 
w$tix^^i>zt^m^L<. mmtLxit. mizmm 

[ 0 0 4 8 ] I1S2 i: t-Ctt. Jrh^WttVUBiScO^^ 

AJB. ^^±fz\±m.9Mmmc^^^wmkm.)^\.xm. 
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^^-ti^^j^^ ^yi^'xr-y. M-itm. Mit 
ffiia, I TO ( >f yiy^M. ■ "r^y- h' ) . *f 

y ^ ^ X >- . 4^ y b° a ^ ^tf S ^ i: # 

^ix^cr)mmmm±. LTi>J:<. 

mtii. mmm. xj'^^y^^)y'fmm(^i5mhzi. 

-mz. 5-lOOOnm^. X'OtJtLKit. 

1 0 ~ 5 0 0 n mmmzm.M-t^ . 
[0049] AEimxmmm^ii. mt&'^coiEii (t^ 
-/^) (?y<±?.^mMiz-thmM^. axx/^i^T^itifzAEii 

a\ y^vii^r=^ymmW: v^jr\)-)Vy^9ymm 
^y^^yymmw. x^)v^y%mw. ^^Y'jymm 

^<7Mmi¥. -^''j^y^y j^yioiiif^crimmw. *^y- 

wt-i. it^mt . mkx-mm lt i) j; < , -s. v Mmm 
mmLxh^vK ^wm-mmm^^ytmi'hzisv^x 

Ji. iE?LaA«|jliitc-fet ( 1 ) msni>-ft-&ifi!)^ 

[00 50] 3|s:f|Bj(cfcV^-CfflV^SffcOiETLaAlii3l« 
tg^^-r-^-ft^if^ili; LTti. h y T y -)Vr i 
(^Jx.{S\ 4, 4' -fx CN-:7a::^;l,'-N- (4" 

TSy] 4, 4' -f 

X CN-:7x~/l^-N- (3" -;<^;Py'x-;t/) TS 
y] b'7x-;t^. 4, 4' -h'X CN-^x-Zt^-N- 
(3" h^>-7x— ;k) T5y: b'7x— ;k 4, 
4' -b'x CN-^x— ;l^-N- ( 1" -^y'j-)V)r 

57] K"yx~;l^. 3,3' -S/y^;P-4, 4' -f 
X CN-7x-;k-N- (3" -y^;k7x— ;t^) T5 
b'7x:z.;l^. 1. l-b'X[:4' -[N, ^--J 

(4" -y^;i^y x^7i') r^y] yx— i^^^xi^ 

^^y^ 9, 1 0-b"X CN- (4' -yf-;P:7x- 

)V) -N- (4" -n-y"^;i^yx-;p) rsy] 7x 

-^-vMx-y. 3, s-b'y. (N, N-i/yx::i;kTS 

y) -e-yx-^t-yx-^y hyi^>, 4-yf-./p- 

N, N-fy C4" , 4" ' -fy( N' , N' 
(4-y^;pyx— ;k) r5 y] by x-::i;k-4 --^^ 

T— yy, N, N' -b'y. C4- (i^^yx^/I^TS 

y) yx-;P] -N, n' -^yx-;!.-!, 3->^T 
sy<y-b>, N, N' -by. C4- {-Jyx.—}vr^ 
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2 0 

y) yx— -N, N' -i^'yx-;k-i, 4-i^T 
sy^y-ify. 5, 5" -b'y, C4- (b'y.[ 4-y^ 
;i^yx^;i^] rsy) yx-;P] -2.2' : 5' , 
2" -^-f-:tyxy. 1, 3, 5-byy(i^'yx- 
ZkTSy) -^y-bfy. 4, 4' , 4" -bUX (N-;»& 

;^^^'v'y-^;^) byyx-/ursy. 4, 4' , 4" - 
hyyCN-(3"' -y^;pyx-;P) -N-:7x- 
;PT5y] byyx— ;PT5y, 4, 4' , 4" -by 
y. C N , N - b'y. ( 4 " ' -tert- y^/p-b'y x — 

10 4" " --f;k) Tsy] hyyx-;i^r5y. 1, 3, 
5-hyy CN- (4' ->>"yx— ;P7'Syyx-;p) 
-N-yx-yi-r^y ] <y-b'y=3ri;') . *.°y^^yx 

yi6klf^<r,mmW. *r y - n - b'- sv-^l'P 
[00 5 1 ] ( 1 ) T-^$^xS fb^fttffic^iErL 

ftliMS+tcd^a^s-^^ ( 1 ) x-m^fihit-^mi-^ 

\i.-&th<li. 0. lfii%lH±. j;D*fSL<ii:. 

0. 1-99. 9fiM%@)S, $A-(;|fftt<(i. 1- 

[0052] mitMA iE7L*3 iW^^coaAMtg. 

-fee ( 1 ) x-m^tihit-^mv^/t-fz^t 

mcommm^^^^it^'^i^ mm. ry y byp» 

#ii^#Mt-&!fiii Cf?iJ;tis\ /^yvy. ryhy-b 
y. T-h^-by, bp-y. '^yixy. yy-ty. 'f:f}i^ 
30 yi^y. an^-y, -r b y y x— /L-^-y n^yy s/x 
y, ^yy y X— ;kj^y o^yy i^'xy, 9, lo-i^" 
:7x— ;i^Tyh^-fey, 9, 1 o-b'y (yx— 

ry h^-by. 1, 4-b'y(9' -xf--;i^T 
yb^-b— ;t^) ^y-b'y. 4,4' -b'x (9" -x^ 
:::^/Pryb7-b^;P) byx-zl^] . byry-;t^T$ 

LxmmLfzit^^mfh i b tfix'% h D . ^mm, 
m^wmt. hyy (8-^yyy^-h) T;t^5~ 
'^A. by ( 1 0 — ^y y [h] ^y y y y— h ) -^y y 

40 -^K. 2- (2" -b bo^S/yx::!/!^) '<.yy':t=^-r 

y— /L-OffiifiJ!^. 2- (2' -b HQ^yy x^/t-) ^ 

yy'-f TV— 4 - b Kn^y ry y i^yt^ 
ffiiiiJS. 3-b bn^^-yyTifytoWp'^S. 5-bbn 
^^-y^^j^yco^y y 5-b h'o^v-y^^i^y 
iOT/Pi-'^i.tS] , y^;p-<.yif»#: CMi.{f s 1, 

1, 4, 4 -xb^y X— 1 , 3-y'yy"xy, 
4, 4' -b'y (2, 2-i^'yx^;l^byi;ix) b7x- 
;K 4, 4' -b'y[ ( 1 , 1 , 2-hyyx— ;k) X 
'f—)V\ b'y-x— , 

50 [0053] y-^yyfi^ft CMi-Jf, y-^yyi. y 



( 

2 1 

1, ^Vijy314. ^'Vjy334. :^vUy33 
8. ^^•7Ui^343. ^'-7U>'500] , U^yM** 
CMi.{f, DCMl, DCM2D . :^^^Yytmi¥ 

imtii. -?-^;H/-/K] , ^yv'i'TV'—ji'imi^. 

N - \z-}l'yfr)U^'<^/-Ji-i5 J; rK U 

^ cot . .-K U 7 y f::^ ix- y i5 j; o^'^- c7)f 

Sr . iJ'-^r < i: 1 1 Sffll ^T?^)^-r I. >! I. . 

[00 54] *^Hgc7):i-S«^^3fc«^ t^jaV^Tii. ^ 

tmftLw -m^ ( 1 ) Tm^ii^it-^tmcom 

ii. 0. 001—99. 99 9mm%mmizmm-ti>. 
[00 5 5] ^mm^zm-^xm^^^i^^comtmm^^i' 

OiTiLV^o mtli. J. AppI. Phys., 65, 36 
10 (1989) , ftP3¥5 - 2 1 4 3 3 2^4^^f|5tc|BWO j; 
ate, ^TtM^rf^Xh^b-^if^Dtyxh^b-^fij ( H-^N°y 
h) hJ;DlfB!£-ri.;tt-Ci=^» ( 1 ) T'^S 

izti.T^^. -m^ ( 1 ) xm^ti^'it-^m^: . ^ 
X. ^crymmm^^h^^m^. iftt<{i. o. 

0 0 1-4 OfiM%gJS, X^ntL<{i. 0. 0 1- 
3 0a»%^jK, S^>tCffftL<(i. 0. 1-2 0«« 

[00 56] ( 1 ) xm^fihit^^inhim^h 
^m^mmt-^mh lxi<±. m^zmm-hi.(Dx\±t£\-^ 
ti\ mm. )vyvy. ryhy-ty. "rhy-ty. b 
uy. ^uuy. ^'j-fev. -f;!!^>'^'P'>', ao:T-y, 
^hyy j:,—Ji'iy^rt^yi^iyj:.y. ^y^y 
^D^y^-yj^y. 9, i o->^'7x— /i-ryb^-fe 
y. 9, 1 o-b'x (:7x— ryb^-b 
1, 4-bx (9' -xf--;i'Ty h^-te— < 

y-b>, 4, 4' -b'X (9" -x^-zPTy b^-b— 
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2 2 

3^mm-it-^mmmxmm Lxi.j:<. hi>^ -^immm 
[0057] ( 1 ) •r-^§ti'&^l:-&^t^ , ^^'x b 

-k. mt'&^^mmmznLx . -tee ( i ) xm^ 

tmt-^mi. MtLKlt. 0. 0 0 1-4 0Sa:%^ 
m.. J;'9SfSL<{±, 0. 0 1-3 0fi*%^, 
t:«fSt<{i, 0. l-2 0fiM%^ffiffl-r'l.« 

10 [oo5 8]-wi^{i)X'm^ti^'(t-^mtmm-t?> 

m^^^m^mimt Lxi±. mzmM-t?>i.coxim 

L.T«i, ^Jxif, ( a ) Mst 

( c ) T-a§^x-&^7Ktt^«T;l^S-^i.M#:^W^ 

[0059] 

(Q) 3 -A 1 (a) 

(Q) 2 -A 1 -O-L ( b ) 

(Q) 2 -A 1 -O-A 1 - (Q) 2 ( c ) 

[0060] ^^m^m-^mi^i^<^Mm\t ltw, m 
til. bux uy^-b) r;i^5-'^A, b 

30 (4-p<^;p-8-^y yy^-b) T;P5-'> 
A, byx ( 5-y^;tx-8-^y yy^-b) r;p$ 
jrt^A. byx(3. 4->>"y^;i^-8-^y yy^— 
b)r;i'S^'^A. byx(4, 5-=j?<^}U-s-^ 
y yy^-b) r^PS-'^A, byx(4, e-i^'y^ 
;t^-8-^y yy^-b) r7P$->>A. 
[006 1 ] b'x (2-y^;i'-8-^yyy5-b) 
(yxy^-b) r;i^S-'>A. b'x (2-y^;k-8 
-^yyy^-b) ( 2-y^;^yxy9— b) T;bS 
ri'^A, bx (2-y^;i^-8-^yyy^— b) (3 

40 -y^^p-yxy^— b ) r/t^5— '^a. bx (2-y^ 
;k-8-^y yy^-b) (4-y^;i^yxy^— b) 
r;i'5-'^A, fy. ( 2-yf-;p-8-^y yy^- 
b) ( 2-yx-;^y xy^— b ) T;t^5— <>A. bx 
( 2-y^;^-8-^y yy^— b) (3-yx::i;i^y 
xy^-b) Tjus.—^M,. b'x ( 2-y f-;t.-8-^ 
yyy^-b) (4-yx-;byxy^-b) r;P5- 
-^A, b'x ( 2-y^;k-8-^y yy^— b) (2. 
3-i/y^;kyxy^— b) T;i^5— '>a. b'y. (2- 
y^;p-8-=3fy yy^-b) (2, e-^^'y^/pyx 

50 y^-b) r;PS-'>A, b'y. (2-y^;k-s-^y 
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2 3 

(3, 5->-V^;p:7xy^— b ) r/PS— •^'A. h'y. 

( 2-;^f-;P-8-^y Uy ) (3, 5-S^'-te 

rt-:/^;k:7j:y9— h) t/p-s-i^/., t'x (2-^ 
^/t'-s-^y uy^— h) (2, 6-i/'7x-/i/yx 

y^-b) T;t'5-'^i^, fx ( 2-^^/1^- 8 -=5ry 
Uy^-b) (2, 4, 6- M; >'x-;l':7xy5 — 

h) T;^s-'>i=,, b'::^. (2-^^;k-8-^yuy7 

-b) (2, 4, 6-hV^i~/Uyx.yy~h) TfV-^ 

-i^A. bx (2-y^;p-8-^yi;y^-h) 
(2, 4, 5, e-xb^y^/kyxy^— 
-'^A. b'x (2-yf-;p~8-=¥yuy^— h) (i 
-i-yhy-h) T;i-5-^A, by. (2-y^;i'-8 
-^yyy^-h) ( 2--^y h^-b ) r^ps-^^ 
i.. bx(2. 4-s^yf-;p-8-^y yy^-b ) 
{2-yx.—fUyx.yy~h) T)V^—^j^^ b'x 
(2, 4-i^'yf-;i^-8-df yy y^-h) (3-yx 
— /i^yxy^-b) TA'^-'^A. bx (2, 4-i>'y 
^;p—8-=3fy y y^-b) (4-y x-;P7xy ^— 
h) r;PS:i'>A, b'x (2, 4-i/y^;t'-8-=5ry 
yy^-b) (3, s-i^'y^-zL-yxyx-b) r/PS 
-^A. bx (2, 4-i>"y^;i^-8-^y yyx- 

b) (3, S-i^'-tert-y'^/kyxy ^-b ) T;l-5 

[0 0 6 2] b'y. (2-yf-;i.-8-=Sryyy^-b) 
T;i^5— '>A-/i-:^^v-by. (2-y^;i^-8-^ 
yyy^-b) r/PS-'^A. b"x(2, 

-8-=¥y yy^-b) T;l'5-'>A-//-::1-^y-b' 

y (2, 4-~/"y-?-;p-8-=3ry yy^-b) T;b5- 
-^A. bx (2-y^7b-4-x^;t^-s-^yy y^ 

— b) T;P5— '^A-//-:t=^V-by (2-y^;i'- 
4-xf-;k-8-=^y yy^-b) T;1'5-'>A. bX 

(2-y^;b-4-y b^v'-8-^yyy^-b) r 
;p$-r>A-xt-:t^y-bx (2-y^;k-4-yb 

=3fi^-8-=5fy y y^-b) T;1^5j::.'>A. bX (2- 

y^/i—s-i-ry-s-^afyyy^-b) r;k5-'> 

A-jU-:+^y-bX (2-y^;b-5-£xTy-8- 
=^yyyx-b) r^kS-'^A, bx (2-y^;i^-5 
-byy;t':toy^;^-8-=3fyyy9— b) r/i^s— 
•>A-//-5j-^y-b-x (2-y^;i'-5-byy;i^:t 
u;<^;P-8-=3fy yy^-b) T;P5-'>A^i:'SrP 

[0063] s-f-axMiMJi 5{i:. mm^^^^m^com 

i.±. f^J/Jf , WISAJRSg* Ci?iJ;tH\ byx (8-=Jry 

yy^-b) r/i^s^'^A. bx ( i o-^>'y [h] ^ 
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24 

: y yy^-b) '^.y y-^A, 5-bbn^i^y7;j^>io 
'^yy'^AJS. 5-b ba^i/y^^o-or/i^s— '^A 

t^'} , v^rV-zHjlSI*: CMi.{f. 1 , 3-bX 

[ 5' - ( p-tert-yf-;U-yx— ;P) - l, 3, 4- 

:t=^Hf i^'rv-zi— 2 ' ^y^y) . byrv 

-;H^#: CMi{f , 3 - (4' -tert-y^;Pyx- 
;P) -4-yx-7l^-5- (4" -byx-;l^) - l, 
2 , 4 - b y Ty-;k ] . b y r 'jytmi^. ^uuy 
tmi^. ^yuymmi^. ^y^^uymmi^. s^'yx 
10 -f]^^yymmf^. -h^mmyju^i-yymmi^. 

[ 0 0 6 4 ] Piffi6 t LT(i:, J:b«ie'5ft*MSSccO/b§ 

mm. y^'^A, y^^^A-^r yi-'^yA-^^. ^ 
by^A, -^by^A-^yi^A^A, ^/t^ixr^A. -? 
y^-ixi>A, vy'^^^">A-|g-^#, -?y'^^^-'>A-^ 

20 y^^'^A-^A, >fy>>'7A. '^A, ^yj:i<7A. 

•^yiiy. -^-yby^A. r^P'S-'^A, r;t'5-'>A 

-y^-^A-^A. r;L'Sri'>A-;^?;bv'T>A-^#, TJV 
5-'>A-vy:t^;^'>A-^A, yyyr-i vmWM'^^ 

■^^y^tmrnm. ^^yru-'r ^ y^y'm. y^xy- 

i)K~mz. 5~10 0 0nmS]K. j;'9»4L<{4. 

10-5 0 0 nm^jstcfS7gt--g>, r^, ^mnm-mm 

40 [ 0 0 6 5 ] i if.wm(rr^mnmmtm'i-\zii\^x 

\t. ^<n'yts:<hi^—m^\.z. —mi^mm9:^y^-T~ 

x\%. mzm.^-thi^<^x%tts:<. mut. jvyvy. 

- -y ^^^l-Sgft:, i^'y X ~)VA y yy ^ V^r i: 
ii,ix. !|tWT4L<{±, ;pyVyT-3b-l.. -fiil^fgy 
:xLy^^~if^^^fiX\^hmh LTtt, #tcPfijE^-S 

50 m^MMJitt't:±^-tC^^S-li: 



( 

2 5 

^^i^mcDO. 0 1— 5 0fi*%. l?St<{i. 0. 0 
5~3 0fia%. J;0*FtL<{i. 0. l~2 0fi»% 

[0066] maA^iiiw. ^/i, m^mxmmm 

^y^s^^AT ■ T'O'tf 
h<^'Z\f^j:\^tiK 10-5 Torr^JKJ.jlT«7)*STT- . 5 0 

-6 0 o'cm.^<7^^^~vw.m mmmw^m . - 5 o~ 

3 0 0 rzWS.<r>mmSJSX\ 0. 005~50n m/se 

li. M^Tx\ mmLxmm.'th^bizxy). m>^mz 

it^^7<ixfz^in~ht:mmzi^mmmLx . ^ 

[00 67] mmmw&^z^ o . ^m^nm-t^^^. 

mi. mmizmm. ±tii±»m^-±xm^mt^:^. ie 

?LaAitM/i, m'f-iiiAmmmco^mi'zmmL 

0 h^U y^-mmt LTJi. mUf. .-^-U - N - h':i 

^— h. ^yrs H\ 4^y-f s *.°yrs F-f 5 f\ 

;if yrnbrp:xx— f-;W. ;Ky :7x-l->':t^^f>f 

b\ rKyx-T-/i^x;t/7^y, Tt-'ur^^vyaxv^-tco 
mmi^. ^vi-yi-y:,^yi3Xz/^commi^. ^^y^x- 

[0068] mmmwmzx 0 , 

^mimm-^m.'jfhh\Mt^(^m'ittJ^^y^-mm 
mi. m^^j:^mtm mm. ^^^y. :^^^y. 

"f-fyy. b;pxi^, ^yvy. x^;t^>^-b>. 1-^ 

:^^)VJ:.^)V'^Vy . ;<i-Jl'-^ vyi-Jl">-hy. 

^u^^^yym<Ddrvy^mm. mm. i^9xinj< 
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2 6 

^y, ^uuTlr^jVJ^. r-h^^^u^i^y. i^'^^nnx 
^>-, b y ^'ODX^'y. 7^b7:^'anx:5?>', ^'nn 

/U. B^KrS;l^<7)xx7";k^^SE. MiJf. ^^y- 

y;l'7\ x^;Hrny;P7\ x^i^y^y n— ;p^<JOT 
;kr:-;l^^J§M. ^Jxff, v-V^/l^x-x/t-. xb^b 
10 Ynyyy. 'Jyf^^y. Txy-;i^^cox— r;k^?^ 

IK. mm. N, N-i^'y^^PJt^/Pi.TS b\ N, N- 
i/^^yl^r-bbrs b\ 1 -p<^;k-2-b°ny by. 
1 , 3 - i^'y i~fv— 2 - 5 y i^y y . i^'y f-^i'X 
;l-y ^^^f-tf-f b^offi'S?§«) i3J:Z/ytrzi,±7y4zm 

m. Mi^mz^xm^mtL. ^mcom^mizx 
[0069]!^. ^^:t.:ffmt Lxi±. mizmm-^ 

i »9 . mmcom^^i^m-ti^ izm Lfzmmmmi^zik 

m-^Zt:bn-'^. -mzl±. 0. l~5 0aM%?i 
i L < {S. 1-30 fi»%gSt0^t?M&ST-^ 

^, i^. y^-mmimm-t^^^. ^(^mmMiz 

#)j!c:«-^*,tMtcMtT) , 5-9 9. 9fii% 
i?4L<{i. 10-9 9M%^. 2:<oni.L 

30 <i.i. 1 5-9 0Sa%^^fcl55g-r-l.. 

[0070] mviAiftjiJi. mT^ixmmm 
c^Mm^zmLxi±. mizmM-ti>i^co'ci±^^^^f/. 

l,Z. 5 nm— 5//m@]Kti^-rS;i:7&W4LV^<, 

i. mm. ^^yy^y. ^^-^yy^y. i^yny^t 
y}V^uA-€-ym. -b'^^-f b-ir*y;w^n^ 

-^'y?ft=Sr i: 0^vg'l4!fli«4itJif A LTiS^-f-'l. i i: 
40 [0071 ] ffiaJit:fllffl-r-l.«Wi: tT{i, Mm. 

■^mm-^i'mA mm. y vmim^. x.-f-r^MS 
It. i.ijrj-yttii. x^Tdf^^y^i-yiStiii. jKyx 
^i^y. 4^yxxx;^. ;j^y;{?-;f^.^— b. *^yrs 
b. ^y-^ s b. *fyr5 b-f s b. ^^j^-^^^i^v 
y. ^ryx^i^y, *ry 7i-^y:t^-^^ b) . 
(CT;L{f. :5'M^^yb?f)K, Tt./pyrx^y 

±mmm) . ^ iyf,zi±imimmwj:}ii 
mf^ c h t-x^ . um.m<^zmm-t^^mMi. wm:-m 
50 fflLTt>j;<. hh^A±mwLmmLxi,x^^. umm 



( 

2 7 

it. -mmrnvh o t t j; < . 4 fz^mmM-c-h -oxh 
[00 72] tfz. VMizi^mmt Lx . Mijf . 

[0073] *^Bj^c?)^is«i?-^gR^{s. -mz. m. 

g^fgUacoS^h LTffifflSn^^s. ^N7I^x.|g»MS;^: 
[0074] 

[^jifi^j] nr. mmm^zx^:^%mi^^Azmm>^zm 
[007 5] mmm 1 

X^Sr, +tt^lfJ, T-lrby, x^y-;I^$rfflV^T^ 

^> u v/^y>gfe# Lfcf* . ^^^^HofflS^t^;!^^-- 
icS^t^cf*. mmmi:3x 1 O-sTorricmSt/::. t 
-r, ITOjfiHgTO±t^ 2, 3, 4-M>XC4' - 

(N, N->^:7x-;PTSy ) :7x-;P3 -5-7x- 

mo. 2 n m/sec T 7 5 n m(7)ff § L , iE?L?± 

y y^-b ) r/l^S-'^A^, ^^jIMO . 2nm/se 
c T-5 OnmcoJJ§t:^«L. «T?±A«5ji«&«fefc 

"yM^tm^M^&O. 2nm/sec ■C2 0 0nmc7)JJ 

^^zitmm (fiiiti 0:1) LTiiffii:t, ^mm^ 

mK^muL. 5 0°C. ^M#HMT. 10mA/cin2 

cr>Mm^mmxnmm^'(tfz, i!j}mizi±. 6. 5 v. 
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2 8 

iSSS5 2 0 c d/m^ COU-Bcomyt^mt^^tlfz. »E 
co^jOTJi 6 7 0 i^^-efe -5 , 
[0 0 76] ^ltfij2-2 2 

^^4(Dit-m (mmm2) . m^it-^mm^9coit 

(mmm 3 ) . mmt-^m^^-i scoit-^m mm 
M4) . i^j^-fb-^^^i 5c^i\L-^ immms) . m 

mit-^m^l sayit-^ (SIMM 6 ) , M^^b^J|U# 
10 -f - 2 0 O-f k-^ ( HlffeM 7 ) . MS^-f b-^*^ 2 4 cOit 

■^m immms) . CT^'f[:^!f%s^3 2o{i:^D mm 

M9 ) . M^^t-^#-^3 4iD-fl:^ (HJfiMl 0 ) . 

m^^it-^mm^ssc^it-^m mmmi i ) . rn^^t-^ 

f^#^4 1 <T)it^m (HJSMl 2 ) , M*{t:^##4 

2c:)it-i>m (mmmi 3 > , Bmit-i>^m^4 5^>it^ 
m (mmm 14). ecoit-^m (mm 

Ml 5 ) , M^-fk-^if^s^s oco^t-^m mmmi 
6 ) , M^^it^'^m^s 2<^iti^'i!s (mmmi 7) .m 
^^<ti^mm^^5 scDit-^^ (mmmi s > . m^^itm>^ 
20 - 5 7 (oi\L-^m ( *JSM 19). mmt-^mm^ 5 s 
co^k-^ (mmm2 0 ) . M^'ft^^^-^6 4 0'fk-^!fij 
(mmm2 1 ) . M^^k^fi5#^6 ecoit^'^ia (mmm 
2 2 ) immLtzmnt. mmm 1 tiBtt^o^atcj; 0 

imu^tifz. ^ t:>{z^<7^mtt:m^. (mi 

^) tc^Lv^Co 
[0077] ibKMl-3 

mmmi^zii\^x. ^i\&xmmmmmizmxx . m 
mi\L-^m^i<7^^-^^imm-t^fthK)i.z. 2,3. 

30 5-hUXC4'-(N, N->^":7x-;PT5y ) 7x 
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emission efficiency, a long service life, and 
excellent durability . 

SOLUTION : The organic electroluminescent 
element has at least one layer sandwiched between 
a pair of electrodes, the layer containing at 
least one kind of compound represented by general 
formula (1): In the formula, Ar 
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